We describe a dedicated analysis approach for indirect Dark Matter searches with Imaging Air Cherenkov Telescopes. By using the full likelihood analysis, we take complete advantage of the distinct features expected in the gamma ray spectrum of Dark Matter origin, achieving better sensitivity with respect to the standard analysis chains. We compare its sensitivity with that of the current standards for several Dark Matter annihilation models, obtaining gains of up to factors of order of 10. We compute the improved limits that can be reached using this new approach, taking as an example the recent results from VERITAS on observations of the dwarf spheroidal galaxy Segue 1. Predictions are also made on improvement that can be achieved for MAGIC and CTA. Lastly, we discuss how this method can be applied in a global, sensitivity-optimized indirect Dark Matter search that combines the results of all Cherenkov observatories of the present generation.
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Standard analysis in Imaging Air Cherenkov Telescopes (IACTs), such as MAGIC, VERITAS, H.E.S.S., or the forthcoming CTA, are usually optimized for sources with featureless spectral distributions, well described by a simple power law. We propose a dedicated approach, optimized for spectral features of Dark Matter (DM) origin.
In IACT standard analysis chain, the existence of a source is established by comparison of the number of events detected in the source region (n) with the number of events detected from the control, background region(s) (m). The number of gamma-ray (g) and background (b) events present in the source region can be hence estimated by maximization of the following likelihood function:
referred here as the conventional likelihood approach, where τ is the normalization between the signal and background regions. The energy integration range can be optimized for different DM mass and annihilation/decay channels, as done, e.g. in [1] . We propose including the expected spectral shape in the maximum likelihood analysis. This full likelihood [2] function has, for a given DM model M with parameters θ , the following form:
with N OBS (= n + m) and N EST denoting the total number of observed and estimated events, respectively. P(E i ; M(θ )) is the value of the probability density function (PDF) of the event i with measured energy E i , defined as:
where A = E max E min P(E; M(θ ))dE, and E min and E max are the lower and upper limits of the considered measured energy range. P(E; M(θ )) represents the differential rate of signal and background events, such that:
with P B (E) and P S (E; M(θ )) being the expected differential rates from the background (B) and source (S) regions, respectively:
and
Here, E denotes the true gamma-ray energy; dΦ B /dE and dΦ G /dE are the differential fluxes of cosmic (background) and gamma-ray (signal) radiations, and R B (E; E ) and R G (E; E ) are the telescope response functions to each of them, i.e. R B,G (E; E ) = A eff B,G (E )G B,G (E; E ), where A eff (E ) is the effective area and G(E; E ) the energy reconstruction function.
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Optimized indirect dark matter searches with Cherenkov Telescopes Jelena Aleksić Results from VERITAS, as given in [3] , are also plotted for comparison purposes (green), although their validity is questioned in [2] .
To estimate the performance of this new analysis approach we compare the limits on σ v recently published by VERITAS [3] with those that would had been obtained should the full likelihood analysis method had been used (see Figure 1-left) . The more massive the DM particle, the greater the improvement, especially for the τ + τ − channel, whose spectrum gets harder for higher m χ values, and the gain is larger than one order of magnitude. Additionally, we study the sensitivities of MAGIC [4] and CTA [5] for gamma-ray spectra from bb, τ + τ − and W + W − annihilation channels. The obtained exclusion limits for the case of τ + τ − for both methods are shown on Figure 1 -right. The constraints from the full likelihood method are more significantly improved with respect to those from the conventional analysis for the more massive DM particles, being higher (up to a factor ∼30) for CTA, due to its better energy resolution.
The full likelihood method allows a rather straightforward combination of the results obtained by different instruments and from different targets. For a given DM model M(θ ), and N inst different instruments (or measurements), a global likelihood function can be simply written as L T (M(θ )) = ∏ N inst i=1 L i (M(θ )), which can be maximized in a rather trivial way. This approach eliminates the complexity required for a common treatment of data and response functions of different telescopes or analyses. Since DM signals are universal and do not depend on the observed target, the results from different sources can also be combined through the overall likelihood function, providing therefore a more sensitive DM search.
